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HIGH POWER KrF LASER DEVELOPMENT AT LOS ALAMOS

T. McDonald, D. Carlwrigh[, C, Fcns[ermachcr. J. Figucira, P. Goldslmc.

D. liarris, W. Mead, and L. RosochiI

Los Alamos National Laboralr)ry

P. O. Box 1663, Los Alamos, NM 87545

A13SIRACT’

The objcc[ive of [he high power Iascr

dcvelopmcn[ program at Los Alamos is 10

appr~ise [he prmcntitil of [hc KrF Iascr as a

driver for incrtiirl con fincmcnl fusion (ICF),
uitima[cly al energy Icvcls [ha! will prmfucc
high targc[ gain (gain of order 100).” A KrF

Iascr syslcm prolmypc, Ihc lo-kJ Aurora Iascr,
which is nearing ini(ial sys[crn opcra[ion, will

serve ns a fcfrsibilily clcnlonslralion of KrF

technology and syslcm design Criilccp[s

approp~ialc 10 Iargc scale ICF driver syslcms.

The issues fif a[fr)rdablc cost, which is a major
concern for all I~F drivers now trndc’

dcvclopmcnt, and Icchrl.]logy scaling arc als;~

hcing examined. [[ is found Ihat, Ihrouf’, h

technology advnnccs and componcnl C(’!il

reductions. lIIC polcntial cxis[s for a K/l:

driver to achicvc a cos~ goal in iilc
neighborhood of $100” pcr jm.rlc. ‘1’hc aulh~)rs

Suggest [hal lhc ncxl Slcp Ioward a

mullimegajor. rlc Iill)(lrilloly micrnfusiorr

fncilily (LMF) is an “lnlcrmcdialc Driver”
I’acili[y in lhc [CW hundred kilojoule I() orrc

rnegajoulc range, which will help verify Ihc
scrrling of driver Icchnnlogy and ct~sl I,o an

LMF size. An Intcrmcdia!c Driver filcili[y

would also incrcasc Ihc cnn(idcncc in IIlc

cslimntcs of rmcrgy nccdcd for an l. MI: B)U1

would rcducc Ihc risk in tnrgct pc~forrnnncc.

IN IROIIIK’I-ION”

lhc ICF aclivi[ics n[ I.os Alnmos consisl or
Ihrce areas: high pnwer Iast:r driver

[cchrrnlo~y dcvclopmcrrl, Inrgct design and

[abricalion, and iargel c~pcrimcn(a’, ion. As a

rcsull of Ihc (JS Ilcpnrtrncnl 0[ llncr~y fUSIX)li)
Iniiinlive 10 begin planuing for a Iahnrmlory

nicrnfusion facili[y (1. MI) in Ihc l~~(h. lhc

Los Alnmos progrnm is currcnlly emphasizing

jrivcr technology dcvcicrpmcrrl.

The KrF laser has sctcral attributes [hal mirkc

il an altraclivc candida[c as a laboratory

driver al high energy IcvcIs. I!2) The KrF
wavclcnglh of 24R nm appears 10 bC near

op[imum for cfficicnt Iascr cncrpy [n [argc[

coupling. Simulations indicalc [ha[ Ihc [ront-
cnd pulse shape is retained Ihrough [hc
amplifier chain I o Ihc Iargcl; lhus, Ihc
required drive pulse shape may readily bc
otilaincd. Currcnl cslimalcs of Iascr energy
rcquircmcnls 10 achicvc high largc[ gain (o(
order 100)” Iic in [hc 5- 10 20-MJ range, and,

trascd on a modular arnpli(icr approach. the
KrF Iascr is scalatrlc [(1 [hc required

mullimcgajrwlc energy oulpuls. ~’d) KrF Iascrs
cxhitri[ a high in[rinsic c(l’icicncy Iha[ has
been rncasurcd 10 bc approximalrly 14% and

compulcr resulls indicalc [ha c[ficicncics

could bc as high as IS% - 17T ,S) In ad lilion.
Ihc overall syslcm c[[icicncy 0[ a Krl: Inscr is
projcclcd I() bc as high as 10% (u; III pIU~ 10
lirscr lighl on Iargcl). Bccausc il is n gas Iascr,
Krl’ can readily trc adaplcd to rcp-ralcd
opcra[imr. Thus, KrF shnws promise for Ihc
lorr~-range ap~~licirlion of power gcncr:lliorr.

AURORA I.ASER SYS”lliM

I“hr Aurora Iascr syslcm is a prt}lolypicill
driver on which Krt; tcchn(]logy issues rrrc

being adr.lrcsscd in a syslcm Cnvir[}:]lrl[”n[ z )
lhc Iascr is drxigncd 10 producr a n(lmillal 10

kJ in Wr hcams having a pulse Icng[h ()[ 5 rrs,
The ~ySiCIII cmplttys n mutliplcxi,lg nllpr{)actl
whcrchy ● single S-ns pulse rrt]nl lh~ fr{~rl[
end oscillnlor is splil iull} W hams thtough a
series of hcnm splillcrs and mirrors. ‘1’hc trcanl

pmlhs mrc slaggcrrd so Ihnl fhc 96 puls~s arc
roulcd lhrougl [hc nlll;”li(icr chain
scqucnl ially 10 I(jrm m 4tlons pulse train,

Each beam path is al m sligh[ly diffcrcnl mrglr

10 main[nin spalial scparulion, I“hr appronuh
allows Ihr !lQr nr nnlu m -;.. ”1.. --. ..!. f:_.
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Fig. i An arlis[’s view of [hc Aurora syslcm

lhc Iargcl. To bring all 96 beams lo Iargcl

dccodcr op[ics and a second Iargct chamber

chain. Beam alignment is main[~incd in real
lime by a self-adap(i~’c, oplimal conlrcl
syslcm. The alignmcnl syslcm achicvcs bcarn

align mcnl wilhin 5 minulcs and has a

pointing accuracy of 5 micro rtidians,

lrrilially, 48 of [hc 96 beams, approxima[cly 5

kJ, will bc brough[ 10 onc side of ihc iargc[ to
demonstrate bcarn con[rol, focusability, and

contrast. Inilial cxpcrimcnls will conccn[ra[c

on beam charactcrizaiion and Iascr-ma[tcr

in[crac[ion al Krl wavclcrrgths. La[cr plans

include lhc possibility of briuging Ihc full

complcmcnl of 96 Imams 10 Ihc largcl for lwo -
sidcd illumination at approximately 10 kJ for

Iargcl implosion cxpc:imcnls in convcrgcnl

gcomclry. Sfrccific issl,cs 10 hc addressed in

Aurora arc: (a) uniform c-hcam pumping of
Iargc Iascr volurncs and staging of” Iargc

arnplificrs, (b) nplicfll angular multiplexing

and dcmulliplcxing nf mulliplc hams with
corrcspmlding trcarn align rncnl, (c) conlrol of
●mplified sponlanrous cnlis%ions (A SE) and

SAM AMPLIFIER

showing 48 beams dclivcrcd to onc side O(
for two-sided illumination, a second SCI or

cone would be insiallcd.

parasilics :n Iaigc arnplificrs, and (d) colllrnl

of prcpulsc and mainlcnanuc () f hcam
conlras[.

Figure 1 is an artist’s cmwcpt of Ihc Aurora

sys[cm wi[h 48 beams trcing scnl 10 targci. All
96 beams arc brough[ [o [hc rccnllirna[or

array. From [hc rccollimntor array, 4X bcarns

arc Iakcn through the optical r,!crnullil)lcxcr
and [o Ihc [a’get chamhcr, To bring all 96
beams to ta-gc[, a second dcmultiplcxcr would

bc ins:allcd on Ihc oppnsi!c side of [hc target

chamhcr f rorn lhc firsl dcrnulliplcxcr,
Ihrougll which Ihc sccnnd 48 bcanls woultl

pass.

Wilhin IhC p:Is[ year, an improved fr(}nl cnd

sys[cm hus hccn irls[nllcd on Aur~~rir Iha[
provides a rcpr[l(l~l~il}l~ puls~ nll(l Ilns an

energy rnnlrnsl ralio I!lal htis hccn rncasllrcd

~Jclwccn 10”6 and 10 7. Tl:r Aurorn irmplificr

sysl~m cnnsisls of a cllnin 0( [our anlpli(icrs
a(l Cr [hc [l IJlll-cIId, which arc rc(crrcd In ax
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the small apcrlurc module (SAM), the
preamplifier (PA), the intermediate amplifier
(1A), and the large aper[ure module (LAM).
The amplifiers are all e-beam pumped and are
designed [o provide a Iolal system gain of

4X 105. The LAM has been [cs[ed as an uns[able
reson alor and, allhough nonop[imizcd,
produced in excess of 10 kJ of 24d-nm laser
rad; a[ion. The sys[em is curren[lv undergoing
inlcgralion and checkou[ in preparation for
inilial opcralion by Ihe beginning of 1989.
The amplifier parameters during [his iniliul
opcralion phase arc given in Table 1.

Beam -[rain alignment is largely slalic cxcep[
for active feedback conlrol of IWO mirror
slalions: the individual beam mirrors at the
inpul to Ihc PA where all beams pass through
a common input pupil and [he large bock

mirror inside Ihe LAM. Aiming of [hc bc:]lns

is accomplished al the finul mirror s[allorr,
which is shown in the phologrtph of Figure 2.

Beam spol qualily spccifica’. iorrs call for 95%
of [he energy 10 f~ll wi[hin a 200-nlicron

circle and lha[ the inlcnsi[y bc uniform I o

f 30% over Ihe ccnlr~l 120 microns. The

conlrol syslem for trcurn aiming conslsls of a
microscope lhal rcltiys 10 a vir.!co camera an
cnlfirgcd image of IIIC actufil sp(II pro(luccd by
Ihc overlap of till 48 bcirrns I’hc video Image is
analy~. cd and crrrrcc[i(~ns made 10 inlprovc spol
qualily.

Fig. 2 Photograph of
syslem mirror array,

Ihc final aiming

The Aurora [argcl sys[cm consisls of [hc Iargc[

chamber, hcam cone, and Icns plaIc asscmh!y,
The target chamber is a 1,57-m diamclcr, 7.6
crn-lhick stainless SICCI sphere Ihal is allarhcd

to ihc hcam corrclcns pla[c asscmhly by a
valved cylindrical iransiliorr scclil)n ●nd a
bellows, The target chanltrcr has s IINal O( 75
porls including 16 pairs of opposing pnrls ●nd
Iwo opposing 53 cm trcarn porls foI IIIC f/1 ,11
bcamle[ bundles, This con figurtlion ●llt}ws
easy diagnostic access 10 alrnos[ the cnlirc 4 n
solid an~lc sround Ihe !arpc[. Fiuurc 1 i~ t
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Fig. 3 Phonograph of the assembled Aurora

Iargcl syslcm showing rnfijor subsys[cms and

components.

syslcm showing mtijor sutrsyslcms and
con)porrcnls. The Iargc[ inscr[ion sysIc Iu is an

air-lock single-largcl lnscrl ion mcchanisrn.
The Iargcl is held on [hc cnd of a slender sIJlk,
which is moun[cd on a car[ wi[h a three-axis

nlicroposilioncr A dual chuin drive [ransfcrs
lhc earl ircross lhc air-lock gillc Valve arl(l
turns il inlo posh ion on a kincm~lic ITJSC wilh
J positioning rcprwluclbi]ily 0[ 5 micr:)ns.

Aurorir has three modes 0 f opcrutiorr:

rnoinlcnancc, subsys[crn, and in[cgrulccl. In

m~inlcna~)cc mode, Ihc conlrol syslcm allows
an opcriltor” I() ac[ua(c individu~l dcviccs such
irs rcl~ys, Valves, or sinlil~r dcviccs: to [urn
power sr. rpplics on and off; and [[) cxirminc

monilors ()n rnuny individr-rfil cornponcnls () r
IIIC Iascr syslcn]. In subsystcm model Ihc

controt sys Icm can bc USC(I 10 ~h~rgc and fi)c
individu~l hl~rx gcncrulors irnd amplifiers III

inlcgrtilcd nlodc, Ihc Syslcm ~hurgcs dnd flrc~
tt~c cn[irc Acrora l~scr fr(]m Ihc I_r{)nl crrd Ii)

Ihc t.Ahl.

Inilial diagnostics on Aurorir will hc dirc(’lc(l

al beam clltiraclc ril. til ion such as Spol Sllc,

unift)rn~liy, inlcnsily, and Ihc maJor Issllc ()1
beam conlrasl, Illili;ll Iargcl cxpcrimcnl’i will
conccnlra[c on energy dcposi(lon, ahs(]rpl ion.
and x ray conversion Iicy mcosurcmcnls

include (a) Iimc rcsoivcd nlcasurcmcnls of
alIsol IIIc sofi x-my cnlisslo~l (20 CV - 2 kc V),
(b) soft x-ray pinhole cumcr~ III~tIg IIIg of

Iargcl Cnlissi(]nl ((’) s~)(l x-ray Spcclri)slt)py,
a n d (d) scull crcd II KIII ampllludc Hn d
(Iislrihul ion I,alcr IUlgcl Ckpcllnlcnls Will

address Ilydff}dynanlic inslahiliiics BIILI, if [hc

futl con)plcmcn[ of 96 trcams Is l~rt)ughl 10 Ihc
Iargcl, drive symmclry,

,l~~~~J~’’’~’’~.~~~~r~~~~Itlc!+c mcasurcmcnm will

hard x ray dclc(’lion syslcm. u ray (Iiodc
arrnvq nllil I IV =rlr(.lr(lrrr:,nl}u I,lq,,c ,.mll r’,,.



nearing initial syslem checkoul and IS

expcctcd 10 become fully opcra[iorral al !hc I -
[o 3-kJ Ievcl during ihc calendar year 1989.

KrF SCALING

The scaling activi[y at Los Alamos is currcn[ly
examining dcsigrr options and [radcoffs for
mullimcgajcrule KrF laser driver facili~ics and

inves[iga[ing impac~s of design paramc[ers on
facility cost, A s[andardir.cd cosling mc[hod
has been dcvclnpcd ICI dc[crminc compara[ivc
COSIS of designs.

A parameter sludy was dcrnc of four designs.
one using Aurora technology and the mhcrs

assuming significant but realis[ic [cchrrcrlogy

advances. The preliminary resul[s aic shown
in Figure 4, whirh is a graph of COSI versus

optical flucncc as a funcliorr of amplifier

module siz.c (or a 1()-MJ driver facili[y. This

graph shows [ha[ the COSI of IIICSC particular

designs is no[ s[rongly depcndcn[ upon crp[ical

flucnce pasl approxima[cly 4 J/cm2, tlowcvcr,

an increase in amplifier module siz,c !ogc[hcr
with technology advances can lead 10

significant Cosl reductions over designs

employing prcscnl Aurora Icchrrology. From

[hcse s[udies, ii appears lhal KrF dcsigrrs have
[hc polcrr[ial of reaching COSI gon!s in lhc
ncighborhoo(i of $100” pcr joule

‘~
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Fig 4 Grallh o r pirramcrcr :illl(ly rcsulls

showing p(~lcniinl [or COSI rcduc[iorls Of a
mul!imcgnjoulc tCrl: driver [ir~ilily

PRO(;RAM DIRll(”i’lo NS

[hn[ could significantly a([ccl lhc abili[y of an
LM[: 10 reach Ihc sla[cd goal of a 1000 NIJ yiclcl,

In view of !hc [cchnolo~y, COSI, and physics

unccrlairrlics in scaling 10 a mull imcpajoulc
size [acilily, and ihc fa~[ [hal [hc apparent
cncrg!t and power rcquircmcrr[s of an LMF

CXCCCd by over 2 orders of rr~agni[udc IIIC
capablli[ics of [hc Iargcsl drivers Ihat have

yet been put on [argc[, Ihc authors I-rclicvc i[
would bc prudent 10 dcvclr-rp and usc an
“Irr[crmcdia[c Driver” as [hc ncxl slcp 10 an
LMF. An in[crmedia[c driver in [hc fcw
hundred kilojoule [o onc mcgajoulc range
would 1) dcmcrns[ra[c driver Icchnology and

cstahlrsh [hc COSI basis for mullimcgajoulc

drivers, and 2) reduce [hc urrccrlain[ics in

rcaclor-scale laser- plasrila coupling, indirccl -
drivc largc[ oplimiz. aliorr. and cryogenic

Iargcl pcrforrnancc in a near-igrrilion regime

Also, at ihc inicrmcdia[c cirivcr Icvcl, a Krl;
Iascr facili[y could bc dcsigrrcd 10 $avc

inlcrc$ling dircc[-drive capability if Ihc work
al Univcrsi[y of Rochcs[cr, Naval Rcscarrh
l.abori~[ory, and 1.OS Alamos con[inucs 10 show
prornisc.
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